Sea level variability encompasses a wide range of perturbations that span from seconds to millennia. The most relevant for contemporary coastal dynamics are those associated with wind waves, tides and storm surges, ranging temporally from seconds up to a few days (Dean and Dalrymple, 1984; Pugh, 1987) , although seiches (Luettich et al., 2002) and tsunamis (Truccolo et al., 2012 ) may be also important. Sea level rise, at its actual trend of 3 mm/ yr, cannot be put aside absolutely (Cazenave et al., 2014) , however, its effects are synergic with the formers in longer time span and its variability vanishes in short time scales.
Tide is a commonly used denomination for sea level oscillations in the temporal band ranging from hours to days. The term a priori is referred to the oscillations caused by the astronomical forcing of periodic nature. However, sea level oscillations originating from meteorological forcing also occur in the same band, but have a stochastic nature. In this sense, they are called meteorological tides.
The astronomical tides are a group of long waves generated in the world ocean basins by the tidal generating force, centrifugal acceleration and Earth rotation (Pugh, 1987) . Each wave is associated with a specific astronomic movement, inflicting to each wave a distinct period and angular speed. About three dozen 'pure' tidal waves are generated in the deep ocean basins, where the main one is the principal lunar semi-diurnal M 2 . As these waves propagate onto shallower continental shelves and further into coastal embayments, the pure ocean tides are distorted from their original form, producing shallow water harmonic tidal waves (overtides) such as the M 4 and compound tides such as the MS 4 (Parker, 1991) . Since the original waves and its daughter waves present periodic nature, they can be identified using tidal harmonic analysis (Pugh, 1987; Pawlowicz et al., 2002) .
The meteorological tides are produced by the atmosphere-ocean interactions and have a random nature. Changes in the atmospheric pressure can produce water level variations in a phenomenon called inverted barometer, and usually produces a change of 1 cm for each change of 1 dB, and plays a small role in water level variability (Pugh, 1987) . The main atmospheric influence is due to the wind stress acting on the sea surface. The wind effect on the oceans is well described by the Ekman theory (Pond and Pickard, 2013) . At deep waters, the balance between the wind stress at the surface, the friction and the effect of Earth rotation will result in the depth-averaged transport over the wind influenced ocean layer to be orthogonal to the wind direction, anti-clockwise in the Southern Hemisphere. For the Brazilian Southeast shores, the dominant winds are northeasterly and are nearly parallel to the shore. This condition forces surface currents towards offshore, removing volume from the shelf producing water level fall. During the passage of cold fronts southerly dominates, pushing water towards the shore and sea level rise. Usually, the winds during cold fronts are stronger, so the positive meteorological tides are normally higher than the negative ones (Truccolo et al., 2006) . Low-frequency coastal sea level records have been widely used to study continental shelf dynamics and their relationship to the wind and atmospheric pressure. Most of the low-frequency sea-level rise and fall is firstly driven by local long-shore wind stress through the Ekman mechanism. These oscillations cause a cross-shelf barotropic gradient, which is in geostrophic balance with long-shore current (Thompson, 1981; Garret and Toulany, 1982; Chuang and Wiseman Jr, 1983; Allen and Denbo, 1984; Pugh, 1987; Schwing, 1992; Stech and Lorenzzetti, 1992) . However, there is some evidence of nonlocal wind effects on coastal sea level for the South Brazil Bight region attributed to continental shelf waves (Castro and Lee, 1995) .
The Port of Santos Waterway (PSW) comprises a 30 km long dredged channel that provides access to many terminals along the Santos Estuary. The waterway was accomplished from many engineering interventions aiming the channel deepening, with the present depth ranging between 15 and 23 m ( Figure 1 ). The Santos Estuary presents a complex geometry, formed by straits between the continent and the São Vicente and Santo Amaro islands, with three inlets: São Vicente, at the west; Santos, at the center; and Bertioga, at the east. Santo Amaro and Bertioga channels, differently from the Santos channel, have been much less changed regarding their original depth.
The Santos Estuary present partially mixed estuarine structure (Ponçano and Gimenez, 1985) , and tides play an important role in mixing and in the transport of scalars (Miranda et al., 1998; Moser et al., 2005) . Harari and Camargo (1995) assessed the astronomical tides and sea level trend for a long record (44 years). They provide a complete list of harmonic constituents solved for a whole year of data (1980) .
In this note, we present by the first time an assessment of the water level variability and its decomposition along the PSW. Water level data were recorded in five stations along the Santos Estuary: (1) Praticagem, (2) Capitania, (3) Barnabé, (4) BTP and (5) Cosipa ( Figure 1 ; Table 1 ). Data was recorded with tide gauges by Seabed model Orinoco, in 1-minute intervals, 30-s averaging at 1 Hz. This comprised a unique data set since most water level records are available in larger sampling intervals (e.g., 10 minutes or more), allowing us to identify high-frequency oscillations such as seiches. Figure 2 shows the raw water level records. The vertical datum is the local one provided by the Brazilian Navy, except for #BTP, which does not have it.
The time series were first evaluated by spectral analysis using fast Fourier transform by the Welch method (Emery and Thomson, 2001) , and the water level was decomposed as
where the instantaneous level η(t) is the sum of the level at subtidal frequency η SubTf , the harmonic component η H , the non-harmonic component at the tidal band η nHTf , and the supratidal frequency η SupTf . The subtidal band was considered for any oscillation with period > 30 hours, while the supratidal band was for oscillations with a period < 1 hour. The η SubTf was obtained by filtering the time series with Butterworth filter (Roberts and Roberts, 1978) with a passband of 30 hours and a cut band of 40 hours. The η H was obtained by harmonic analysis using the package T-tide for 95% of confidence interval (Pawlowicz et al., 2002) . Then we obtained the non-harmonic, tidal and supratidal band by (2) which were further decomposed onto a non-harmonic tidal band (30 h > T > 1 h, T is period) and supratidal band (T < 1 h). The separation of these bands was made using a binomial recursive filter with a window as (3) where S stands for any signal. The first and last elements of the series were preserved during the filtering by weighting with the second and penultimate with the proportion of 0.6:0.4 and vice-versa, respectively. Filter efficiency in band separation was assessed by the resulting power spectra analysis. The relative energy in each band was weighted by the variance of the synoptic period between the stations (from 18 May until 4 June 2018 ~ 17 days).
The power spectral density (PSD) and the relationship between the PSD of the outermost station #Praticagem and the other stations are presented in Figure 3 . The semidiurnal is the most energetic band followed by the subtidal frequencies, and then the diurnal ones. Energy peaks of the terdiurnal and quarter diurnal are also very clear. For the bands of period higher than the quarter diurnal (frequency < 0.16 cph) the PSD are nearly identical, especially for frequencies smaller of the semi-diurnal band. For frequencies > 0.19 cph (or period < 4.5 hr), the PSD for each station becomes singular. Particularly at this frequency, there is an opposite behavior between the outermost and innermost stations, so suggesting the grow of the 6-diurnal species along the estuary. In the bands between 1 and 0.5 cph (1 and 2 hours) occurs a plateau of PSD with several smaller peaks, with higher energy at #Praticagem, and lesser in #BTP. Towards higher frequencies, occurs a steeper decay, and thus the behavior of each station differs from each other more evidently, with energy gradient towards the outer station. This can be understood as a larger effect of the wind wave and boat wake effects towards the mouth.
The PSD plateau with the band between 1 and 2 hours seems to be directly related with the basin natural 
where L is the basin length, g is the gravity acceleration (9.8 m/s 2 ) and H is the depth. Seiches are generated usually by meteorological disturbing event (Trebitz, 2006) , and may cause changes in the estuarine circulation (Dyer, 1982) . In systems with complex geometry, it may occur in the production of multiple oscillations. For a ~20 km long basin the natural oscillation would range between ~1 to ~2 T gH L 4 = hours for a depth of 25 and 10 m, respectively (Figure 4) , agreeing with the observations. The signal decomposition is presented in Figure 5 , and the variance contribution of each band is shown in Table 2 . All stations were reduced to the same datum, taken as the mean water lever during the synoptic period of study. Corroborating with what was highlighted by the spectral analysis, the water level variability is nearly identical along the estuary, excepting for the supratidal frequencies.
The energy distributions in the bands were also nearly the same in the different stations, with the harmonic band accounting for 70%, followed by the subtidal band with ~27%. The non-harmonic tidal frequencies accounted with 2-5% and are mainly due to residual semidiurnal, terdiurnal and quarter-diurnal energy not explained by the harmonic analysis. The seiche 'plateau' is evident, however, it accounts with very little energy. The supratidal band showed the most distinct behavior between the stations, with a decrease towards the estuary head.
The subtidal oscillations showed a variation range of ~0.85 m, with a progressive level decrease with ~2day oscillations between 20 and 25 May, reaching the minimum level on 29 May, and increasing steadily to the end of the series (Figure 5b) . The harmonic band displays the clear dominance of the semi-diurnal signal, with diurnal inequalities being more pronounced during the low tides. The neap tide occurred on 22 May, with a range of 0.68 m, and spring tide occurred on 29 May, with a range of 1.46 m. The non-harmonic oscillations in the tidal band were clearly larger at the beginning of the series when there were oscillations with 0.63 m of range, equivalent with the harmonic neap tidal range. The oscillations in this band decreased during the spring tide, and it seems to increase again with the waning of the tidal range for the next neap tidal period. The supratidal oscillations at the estuary head were negligible (< 0.03 m; Figure 5e ), however at the estuary mouth they reach up to 0.35 m. There are isotropic oscillations mainly between 21 and 24 May, which may be associated with wave conditions in the adjacent shelf. And there are also anisotropic positive oscillations distributed during all records, most likely being produced by ship wakes.
The behavior of the time series showed in Figure 5 suggests a nearly in phase water level oscillations in all stations. Indeed, considering the channel mean depth of ~15 m, the time required for a long shallow water wave to propagate ~20 km would be of ~25 minutes (by √gH). From the harmonic tidal constituents, the phase lag between the #Praticagem and #Cosipa stations is 10° for the M 2 , which represents ~20 minutes. Figure  6 present the observed data zoomed for 25-hour period of neap and spring tide, and only a slightly phase lag can be noticed from #Praticagem and #Cosipa, occurring also a small amplification towards the head. This amplification was caused by the grown of the main tidal constituents (Figure 7) . The M 2 showed the largest amplitude grew (17%), while the others the amplitude grew was of ~10%, characterizing hypersyncronous behavior (Nichols and Biggs, 1987) , what has been observed in other Brazilian estuaries (Truccolo and Schettini, 1999; Asp et al., 2018) . The tidal behavior along an estuary can be dynamically balanced between channel convergence, which produces tidal grow, and friction, which reduces the range (Friedrichs, 2010) , so in the PSW the former prevail. Table 3 presents the harmonic constituents along the PSW based on the synoptic period of data (~ 15 days). The main diurnal (O1 and K1) and semi-diurnal (M2 and S2) constituents were solved. The results agree well with the ones present by Harari and Camargo (1995) for a whole year data (1980) at a nearby station to Capitania. As tides propagate over shallow waters and into estuaries, friction plays a role in transferring energy from the main tidal constituents to higher frequency overtides and compound tides (Parker, 1991) . The frictional effects can be weighted by a shallowness parameter given by the ratio of the tidal amplitude to the mean depth (a/H), and by the ratio between of the main M2 overtide, the M4, to the former (aM4/aM2) (Friedrichs and Aubrey, 1988) . The former ranges between 0.02 and 0.05 during neap and spring tides, respectively, and the later is ~0.03. Both ratios clearly indicate the frictionless nature of tide propagation along the channel.
The main results of our analysis are: (1) the harmonic signal accounted for ~70% of the sea level variability and ~27% of it was due to subtidal effects; (2) there are seiches with variable period around 1.5 hour;
(3) there is amplification of the harmonic signal towards the head, especially of the main semi-diurnal lunar M 2 ; (4) the sea-level perturbations at tidal and subtidal bands propagates with little frictional effects; (5) supratidal oscillations vanishes completely at the head.
